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Motivations

Nuclear waste storage : storage in deep level is considered by ANDRA
as the reference strategy for wastes with high or medium activity and long-lived.

Need for simulations of the radionucleide transport in underground  impact
of a possible propagation of radioelements.

The modelling of the 
ow in porous media around the storage requires to
know the physical parametersof the di�erent geological layers.

Those parameters (porosity and di�usion ) are not directly accessible by mea-
surements, hence we have to solve aninverse problemto recover them.
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Mathematical model

The propagation of concentration in porous medium is described by a
convection-di�usion equation, i.e. a transport equation , mass balance, for
each radionucleide. The equation has the following form

@t (! R C) � r :(D :r C � qC) + � ! R C � Q = 0

where
� C(x; t ) is the concentration of the radioelement (measured) ;
� ! (x) is the porosity of the medium (unknown) ;
� � is the decay coe�cient ( � = log (2)

4;951152:1014 s� 1) ;
� q(x; t ) is the Darcy velocity (q = 0 m=s) ;
� R is the constant delay factor (R = 1) ;
� D (x) is the di�usion tensor ( unknown) ;
� Q(x; t ) denotes a source term (Q = 0 mol=m3=s).
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Direct problem
We use thezonation method : the media is considered as a set of homogeneous
zones. The parameters are constant by zones :D = D i and ! = ! i in 
 i .
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Parameter estimation

Concentration values : the concentration is measured at �nal time on the
three lines 
 i , and on the subdomain 
 2 at every time.

Inverse problem : given Cobs, �nd porosity ! and di�usion D .

Cost function : quadratic mis�t between the observations and the correspon-
ding quantities calculated by the model :

J (C(!; D )) = �
Z T

0

Z


 2

�
C � Cobs

� 2
dx dt + �

3X

j =1

Z


 j

�
C(T) � Cobs(T)

� 2
dx:

The weights � and � have been chosen to givecomparable in
uence to the
two terms.

Goal : minimize J in order to �nd the optimal values of porosity and di�usion.
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Twin experiments

Use ofsynthetic data :

� Choose values for the di�usion coe�cient and the porosity ;

� Compute the resulting concentration Cobs in solving the forward problem ;

� Identify the di�usion and porosity from the observed concentration values.

Advantage : we can compare the porosity and the di�usion �eld calculated
by the inverse method to the initial porosity and di�usion �e ld.
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Minimization

We usegradient descentalgorithms to minimize the criterion J  we need to
compute the gradient of J with respect to ! and D.

The numerical gradient has been obtained byAutomatic Di�erentation of the
direct codeTRACES with the software TAPENADE developed by the Tropics
Team at INRIA Sophia-Antipolis  generation of theadjoint code of TRACES.

We use the minimization software N2QN1 (quasi-Newton BFGS), which is a
bound constrained optimizer from Gilbert & Lemarechal (INRIA) .
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Numerical results - no noise

Parameters Initial Identi�ed Reference

D1 5:10� 4 0; 0999999999 0; 1

D3 1:10� 2 0; 9999999999 1; 0

! 1 5:10� 3 0; 1999999999 0; 2

! 3 2:10� 3 0; 3000000000 0; 3
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Numerical results - no noise
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Numerical results - noisy data

5% noise
on the data

Parameters Initial Identi�ed Reference

D1 5:10� 4 0; 1018767983 0; 1

D3 1:10� 2 0; 9552432582 1; 0

! 1 5:10� 3 0; 2049359853 0; 2

! 3 2:10� 3 0; 1729395267 0; 3
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Numerical results - noisy data
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Zone identi�cation

Problem : �nd the di�erent zones (
 1 and 
 3)

? The coe�cients ! and D are still
�xed in 
 2.

? We use data generated with the
previous 3 zones.

? We start the identi�cation with 440
zones (one zone for each cell) in the
vicinity of the interface between 
 1

and 
 3.

? We try to recover the true areas by
identifying one di�usion and porosity
coe�cient per zone.
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Numerical results - N zones

Di�usion at
iteration 1

Di�usion at
iteration 947

True
di�usion
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Numerical results - N zones

Porosity at
iteration 1

Porosity at
iteration 947

True
porosity
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Numerical results - N zones

Evolution of the cost function and its gradient
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Zone identi�cation

? We need to regularize the inverse
problem.

? We add some a priori physical infor-
mation : the domain has a revolution
symmetry  �ve concentric zones.

? We start the identi�cation with these
7 zones (�ve + 
 1 + 
 2) where the
coe�cients are constant.

? We try to recover the true areas by
identifying one di�usion and porosity
coe�cient by zone.
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Numerical results - no noise
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Numerical results - no noise

True di�usion Di�usion at iteration 1 Di�usion at iteration 179
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Numerical results - no noise
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Numerical results - noisy data

5% noise
on the data

Porosity at iteration 299 Di�usion at iteration 299
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Numerical results - noisy data
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Conclusions

� We now have theadjoint code of TRACES
� The parameter estimation works in 2D
� The adjoint and optimization techniques have beenvalidated with a large

number of zones
� The zone identi�cation problem can be solved by using concentric zones

� Sensitivity studies (small sensitivity to the porosity in 
 3 ?)
� 3D code (2D axisymmetric)
� Compare with other methods (topological optimization, re�nement indica-

tors, . . .)
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